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(57) Abstract 

A motor includes a shaft, at least one 
bearing, a rotor, a stator, and a brush carrier. 
The bearing is located adjacent to the shaft. 
The rotor is interconnected to the shaft and 
magnetically interacts with the stator. The 
brush carrier is releasably interconnected to 
the rotor and/or stator such that the brush 
carrier can mechanically disconnect from the 
rotor and/or stator without disturbing a bear- 
ing and other motor elements. By discon- 
necting the brush carrier from an endbell and 
viewing the commutator surfaces through an 
endbell aperture, the commutator surfaces of 
the motor are inspected. Since more than 
one winding portion of the armature can act 
as a commutating surface, motor assembly 
is simplified and the motor has a long use- 
ful life. A motor including more than one 
brush carrier is also provided. Each brush 
carrier is releasably interconnected to the ro- 
tor and/or stator such that either brush carrier 
can be mechanically disconnected from the 
rotor and/or stator without disturbing other 
motor elements. 
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DIRECT CURRENT MOTOR 
BACKGROUND OF THE INVENTION 

1. Related Reference 

This application claims the benefit of U.S. Provisional Application No. 60/125,266, 
5 filed April 16, 1999, entitled Direct Current Motor, which is incorporated by reference 
herein. 

2. Technical Field of the Invention 

The present invention relates to direct current motors and more particularly to at 
least one brush carrier that allows brushes to be disconnected from a direct current motor 
10 for servicing without disturbing motor bearings. 

3. Description of the Related Art 

Direct current motors commonly use a brush carrier to hold brushes in their proper 
positions. In some motors, brush alignment is critical to motor performance because direct 
current feeds through brushes to commutator segments. A misalignment between brushes 
1 5 and commutator segments can diminish motor perfop-nance and lead to excessive motor 
sparking. 

In some brush type direct current motors, brushes freely slide along the curvature 
of the commutator segments. The factional engagement between the brushes and the 
commutator segments can cause brushes and commutator surfaces to wear. Moreover, 
20 brushes often freely ride over uneven commutator surfaces that promote brush vibration 
and motor sparking. Both conditions shorten the useful life of brushes and commutator 
segments. 

In many cases, it is necessary to remove brushes to inspect brush and commutator 
surfaces for wear. In one approach, brushes are removed by disassembling brush holders. 

25 During disassembly each brush is individually removed from its respective brush holder 
and thereupon examined. The disadvantages of this system and others known in the art 
include the excessive time, skill, and expense needed to remove, inspect, and reassemble 
each brush and brush holder. In addition, brush removal may not necessarily ensure 
access to commutator surfaces and may disturb motor bearings. When motor bearings are 

30 disturbed, the motor may become unbalanced which often leads to a timely and a costly 
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repair. GeneraHy, great care must be taken to reahgn disturbed bearings, which adds to 
<>me and the expense required to service direct current motors. 

With growing commercial preferences for motors that are easy to maintain, there 
demand for a brush carrier system and method that facilitates motor service and repair 
> w.thout compromising motor performance. 

SUMMARY OF THE INVENTION 

The invention provides an apparatus and a method that allow brushes to be 
mechanically disconnected from a motor without disturbing a bearing and other motor 
parts. The apparatus comprises a shaft, at least one bearing, a rotor, a stator, and a brush 
earner. The bearing is boated adjacent to the shaft. The rotor is interconnected with the 
shan and magnetically interacts with the stator. Preferably, either the stator and/or rotor 
•ncludes a winding. The brush earner is releasably interconnected with the rotor and/or 
stator such that the brush carrier can be mechanically disconnected from .he rotor and/or 
stator without disturbing the bearing and other motor parts. 

An endbell having a bearing retainer is contemplated in another aspect of the 
mvention. The endbell and bearing retainer may be a unitary or multiple piece 
construction that provides some shaft support. It is further envisioned that an end surface 
of the wmding may act as a commutator surface. In this aspect, a brush direct.y engages a 
poruon of the winding. Many alternative aspects of the apparatus are also envisioned and 
arc described below. 

Another aspect of the invention involves a method for inspecting a commutator 
surface of a motor. The method comprises the steps of providing a motor comprising a 
shaft at least one bearing, a rotor, a stator, and a brush carrier; partially disconnecting the 
brush carrier from an endbell having at least one aperture; and then, viewing the 
commutator surface through the aperture. Preferably, disconnecting the brush carrier from 
the endbell does not disturb the bearing, and preferably, the rotor and/or the sta.or include 
at least one wmding having a portion that acts as a commutator surface. 

In yet another aspect of the invention, a second brush earner is releasabiy 
interconnected to an opposite side of the rotor and/or stator from the first brush carrier 
Each brush carrier can be mechanically disconnected from the rotor and/or stator without 
disturbing the bearings and other motor parts. 
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The disclosed apparatus and method provide a brush carrier that is easy to 
assemble and disassemble from a motor without disturbing a bearing and other motor 
parts. The apparatus and method easily align brushes with commutator surfaces and 
simplify maintenance programs. The brush carrier is compatible with many motor types 
5 besides the wave wound motor of the preferred embodiment. 

These features as well as other advantages of the invention will become apparent 
upon consideration of the following detailed description and accompanying drawings of 
the embodiments of the invention described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 FIG. 1 is a perspective view of a first embodiment of the 

invention; 

FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1; 
FIG. 3 is a partial cross-sectional view taken along line 3-3 of FIG. 2; 
FIG. 4 is a partial-exploded side view of FIG. I; 
15 FIG. 5 is a perspective exploded view of FIG. 1; 

FIG. 6 is a partial-sectional view of FIG. 1 ; 
FIG. 7 is cross-sectional view taken along line 7-7 of FIG. 2; 
FIG. 8 is a schematic view of the windings of FIG. 2; 

FIG. 9 is a partial sectional view of an alternate rotor that may be used with the 
20 invention; 
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30 fan; and 

FIG. 19 is a cross sectional side view of the brush carrier with yet another optional 
alternate fan. 
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DETAILED DESCRIPTION OF THE INVENTION 

m ,hc y mss , d epicled elcnMnts m M ncccssa 

J- Structure 

5 T„e „, 0 rr s ,o ,he embodimem s,,own in f,cs - 2 - - 5 '» m °' *» <• »— 

a ator ,25. Thc teusmg ,„ 5 preferab|y indudes , Mver )30 a n ain 

35^ The cover 1 30 has a base ,40 and an open e„„ ,45 defined by an a„„u,ared g e ,55 
Preferably. U ,e base ,40 couples «. open end , 45 ^ ^ ^ ^ * 

Culott, pontons ,70 and ,75 separate „,ecnrved wt„,s , M and IS5 md provide accKS ,„ 
- — » ,50. Preferably a fastener ,35 pa ssi „ g , hr0l , g „ a „ apcr ,„ rc ^ 

-W. a ehanne, ,»« the onter periphery of the bntsn earrier , ,5, creating a 

™It!rT' ^ ^ "~ ,M ' fa, " iCa,ed *» «• ~~ « 
na, and m a, have a p,ura,i, y of , bs (M 

or the exterior surfaces. 

In ,he mo,„, 1 00 of FIGS. 2 - 5, the brush earrier „5 eo.nprisea a s„bs,a„,/a„ y 
«*r base ,95 positioned near a eo mmulalor sllrface 200 (pm ,„ y 
^-, te , 95W *, p ,„, ilyarWl| „ te2B| , ' 
plurahty of bnlslles 2I0 . See F]QS « ^ , ^ ^ ^ ^ 

subs,. n , a» y lvedge shaped anJ proj£ct ^ a fa cnr . er surftK ^ 
can lake m an y o.her shapes Ending po, ygo „ and enrvdinear shapes, for exnnrp.e 

P ^ rab| y.™»r m oresleevea220aredi S posedbe,ween l l,ebr Us l,es2,0a„d,he 
bnish holders 205, as shown in FIG. 4. The sleeves 220 m« ti , , 
fmm „„ . ., „ mesieBvcs 22D pass llirougli anil partially pro.ee> 

fion, ...e b^sh „o,ders 205. Aa annular ri„ g 225 and a m ou„, ing boss 230 on a seel 

camersur&ce 550 inlerconnecllhe brush carrierHSlolhecover 130. Preferably (he 

A plurality of ,em,ina,s 240 are m eohaniea,l y i,„ere 0 „„ee,ed wi„, a p,„ra, ity 
urved s,dewa„s 245 and 250 inte^y moldrf 1o ^ > 

when „ cover ,30 engages ,he bras,, earrier , 1 5, , M vi„ g ,„ c „ 240 csposcd J° 
^'Mofrcnalhc outside ofthe motor 100. tposcdand 
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Two bus bars 255 electrically connect the terminals 240 to the brushes 2 1 0 as 
shown in FIG. 3. Preferably, the bus bars 255 each have a generally horseshoe shape, and 
are concentrically supported by the annular base 195. A bus barrier 260 is disposed 
between the bus bars 255 and the brush carrier 1 15. Preferably, the bus barrier 260 has a 
5 unitary circumferential rib 265 (best seen in FIG. 5) that mechanically and electrically 
separates the bus bars 255. To simplify assembly, the brush carrier 1 15 and/or the bus 
harrier 260 may be a unitary cast, stamped, or molded structure. 

Referring to FIGS. 4 and 6, a plurality of wires 270 electrically connect bus bars 
255 to brushes 210. In the brush holders 205, wires 270 pass through springs 275. The 

10 springs 275 are disposed between the brushes 210 and the biasing walls 280 to urge the 
brushes 210 against the commutator surface 200 (shown in FIG. 7), preferably with a 
spring force of 6.6 to 9.3 pounds per square inch, with 8 pounds per square inch being 
preferred. The wires 270 are of a suitable length and gauge to maintain brush-commutator 
continuity even as the brushes 210 feed into commutator surface 200 through wear. 

15 As shown in FIG. 3, the brush carrier 1 15 preferably includes a plurality of 

fastening slots 285 located inward from the annular ring 225. The fastening slots 285 have 
dimensions that allow adjustments of the brushes 210 in either a clockwise or 
counterclockwise direction with respect to the shaft 290 (shown in FIG. 2). Preferably, the 
fastening slots 285 allow for up to five degrees of circumferential adjustments of the 

20 brushes 210 with respect to the shaft 290. A plurality of fasteners 485 passing through the 
fastening slots 285 secures the brush carrier 1 15 to the first cndbell 295 as shown in FIG. 
4. 

FIGS, 5 and 7 illustrate the first cndbell 295 in greater detail. The first cndbell 295 
has a substantially annular shape having a plurality of polygonal apertures 305. The 

25 apertures 305 are equally spaced around and substantially concentric to a conical hub 315 
and are larger than the brush holders 205 to allow for adjustment. See FIG. 4. As shown 
in FIG. 4, the conical hub 315 includes an inner cylindrical wall 450 terminating at an 
interior annular ridge 235 having an abutting surface 525. The cylindrical wall 450 and 
the abutting surface 525 form a seat for a bearing 300. 

30 The bearing 300 includes an inner raceway 505, an outer raceway 510, and a 

plurality of balls or rollers 515 (two of which arc shown) that rotate freely therebetween. 
The inner raceway 505 abuts shad 290 (shown in FIG. 2) on a bearing-flange 460. The 
outer raceway 510 is seated against abutting surface or flange 525 and wall 450, 
preventing axial movement of the bearing 300 in one axial direction. In the opposite axial 
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direction, baring 300 is held i„ place by reining ring 520. The inner raceway 505 
renins and supporls the ^ ^ ^ ^ 

w,,b rcspcc, ,o the firs, endbell 295. T„e integration of ,„= bearing 300 with ,he firs, 
endbell 295 allow „,« brnsh earrier , 15 ,o be mechanic,,,, disconnected f rom ,„e „,o,or 
1 00 wtthon, disturbing ,„e bearing 300 because neiUrer (be inner „ or „ u(er raceways 505 
and 5 1 0 , S interconnected ,„ ,be brush earner 1,5, ,„„ instead are captttrcd by a bearing 
naatner 520, and a n,nge 525 along wal, 450 which is interconnected ,„ the firs, endbc,, 
295. See FIG. 4. 

FIGS. 5 and 7 also illustrate reduction areas 310. The reduction areas 310 have 
recessed triangular areas 490 between two sloped semi-rcctangular areas 495 The 
reduction areas 310, which can take many other shape, preferably are spaced around and 
wUhm the fir* endbell perimeter 500. The reduction areas 310 decrease motor 1 00 weight 
and mcreasc first endbell 295 surface area, both of which promote motor 1 00 cooling 

The first endbell 295 also includes a plurality of fastening bores 335 located 
between the po.ygonal apertures 305 and the reduction areas 310. The fastening bores 335 
prov.de means in which the brush carrier 1 15 is urged against the first endbell 295 
Preferably, fasteners 485 secure the engagement. 

Returning to FIGS. 6 and 7, the first endbell 295 also includes a portion of the 
stator ,25. The stalor ,25 indudes a P ,ura,ity of permanent magnets 5,5 equally spaced 
around and substantially concentric to the conical hub 315 (shown in FIG 4) The 
magnets 515 are evenly arranged by alternating polarity on a second endbell surface 440 
Preferably, the magnets 515 are positioned within the endbell perimeter 500 and in axial 
al.gnn.ent with a portion of the windings 360. As shown in FIG. 6, the magnets 515 are 
separated from the windings 360 by axial air gaps 420, which are between .040 to 090 
niches in axial length, with .070 inches being preferred. 

The particular materia, used to construct the magnets will depend on the operating 
eon ,t,ons and application of the motor 100. While almost any magnetic materia, can be 
used magnets made from ceramic-iron composites are very effective, with neodymium 
iron boron magnets being preferred. 

FIG. 2 illustrates the rotor 120. The rotor 1 20 preferably comprises a disk-type 
armature 395 interconnected to the shall 290. Insulating layer 345 passes between the 
armature 395 and the shafi 290 between a pair of spaced bearings 300 and 330. A bridge 

350 receives the insulating layer 345 in a nWtnii v 

b *)u -w m adovetail-typc key engagement 355 electrically 

>sola.mg and mechanically coupling the armature 395 to the shall 290. 
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The armature 395 also includes a plurality of electrically conductive windings 360 
firmly fastened to the insulating layer 345 such that when the rotor 120 rotates, the 
plurality of windings 360 are rotated about an axis 430. See FIG. 2. It is preferable, but 
not essential, that the windings 360 have an air core 435. Alternatively, the core 435 may 
5 be fanned from laminated disks or other of suitable materials. 

The windings 360 depicted in FIG. 8 are wave wound windings distributed along 
the radius of the armature 395. A first winding 405 includes a bridge portion 400, upper 
and lower commutating portions 375 and 376, two main portions 380 and 381, and two 
outer portions 385 and 386. A second winding 410 is substantially similar to the first 

1 0 winding 405 and interconnects to the first winding 405 at Ihe outer portion 385. In a 
similar fashion, additional windings interconnect to adjacent windings near the outer 
periphery of the armature 395. 

As shown, the commutator surface 200 of FIG. 7 are formed by one of the two 
commutating portions 375 and 376 from each winding 360. The commutating portion 375 

15 and 377 of the first and the fifth winding 405 and 405' of FIG. 8, for example, are 

positioned adjacent to one another to form part of the commutating surface 200. See FIG. 
7. Although only partially shown, the commutating portions 375 and 377 are insulated by 
radial extending air gaps 379. Persons of ordinary skill in the art will appreciate that the 
commutating portions, such as 375 and 377, for example, can assume many shapes besides 

20 the wedge shapes shown in FIG. 7. Other commutator configurations are well known to 
those skilled in the art and are envisioned in alternate embodiments. See for example, 
PCT Application WO 95/17779 published June 29, 1995 to London Innovation Limited 
for additional commutator examples, which is hereby incorporated by reference herein. 

The windings 360 depicted in FIG. 7 are stamped and encircle the shall 290. Each 

25 winding is connected to another winding by an oversized clip 415 or other connector, such 
as a solder or a weld joint, for example, at an outer periphery of the armature 395 as shown 
in FIG. 6. The clips 415 increase windage and rotor surface area which cools the motor 
100. Additional details regarding the rotor 120 configuration are disclosed in U.S. Patent 
No. 4,823,039 entitled "Electrical Machines," which is hereby incorporated by reference 

30 herein. 

As further shown in FIG. 7, steel inserts 425 are disposed between the main 
portions 380 and 380' of the windings 360 to increase magnetic flux. 

FIGS. 2 and 6 partially illustrates the second endbell 440. The second cndbell 440 
has a substantially annular shape having a cylindrical hub 445 near its center. Like the 
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firs, endbcll 295, the cylindrical hub 445 includes a cylindrical wall 455 , 

interior annular ridge 535 A bearing ™ . • 'cnn.natmg al an 

,h„.r r S 63,8 aga " ,St U,e cyJindrical wall 455 and an 

^c,,o n „ y . SMP nng 456 . Tbc bMring 330 abuis shaft mo « 

*- n g -„a„ g e 53 „. „ sIlouId be iha( nB bMring ^ > 

n 6uredma ilarraannerasbea . ng300ihaiMsprevjou 

therefore, ,s not described in Amber dead. 

-Wor 120. 0U ,=r etnbodnnents may employ beari „ bea 

o «ed ,„ the cyhndnca, w a „ ,55 may ac, as d,e crier raceway 5 ,0 supporting lhe brari ' 

a P.j^r r lto """" °' herPOfli °" S ° f " K ~ ,25 ' T "° — 
P ura , y „r lrerala „e„, magnets „ , ^ spaced ^ 

« cancel I,„b445 of the send endbel, 440. „. magnets 5,5 are ^ ^ 

"'"^ 5 ' 5 m 1-*— «**. ,be second cudbel, pennies 545 

The assembled motor ,00 is illustrated in FIG. 2. Tbe abaft 290 is mounted 

440. Tbe ,„ s „l a „„ g layar 345 passing between the am,a,„re 395 and ,be abaft 290 is 
connected ,„ the abaft 290 b y a facing „ ng m , ^ ^ 

interconnect the brashes 210 win, .he lira cndbell 295 The™, , 

the first e„Hh.,i70< polygonal apertures 305 of 

ho Hrst endbe,, 295 are d,me„sio„ed to a„ow „p ,„ „ vc degrees of clWera ,, ial 

U. Other Arrangements 

ong plane 555 transverse to axts 430. The armature 395 includes first 
Prcrcrabic. but no, ess™,, ,„ at . „ 0 ,, sylnmcto , prcss „,„ ^ ^ ^ ^ ^ 
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FIG. 9, or that the insulating layer 345 and the shaft 290, respectively, have a substantially 
symmetric shape relative to plane 555. 

When an insulating layer and a shaft have a substantially symmetric shape relative 
to a plane, the length of the insulating layer and the fastening ring can be almost evenly 
5 distributed on either side of the armature. This symmetry allows either commutaling 
portion 375 or 376 of FIG. 8 to be positioned adjacent to the brushes 210 without 
removing the armature 395 from the insulating layer 345. 

When a press out shaft is used as shown in FIG. 9, the armature 395 may be 
removed from shaft 290 and turned over. When the first and second surfaces 365 and 370 

10 of the armature 395 have interchanged positions, the armature 395 can be pressed onto 
shaft 290. This process allows either commutaling portion 375 or 376 of FIG. 8 to be 
interchangeably aligned with the brushes 210 In the embodiment of FIG. 9, the useful life 
of the rotor 120 can double. 

FIG. 10 illustrates a perspective view of a second embodiment. This embodiment 

1 5 provides two brush carriers 565 and 570 that align each set of brush holders 205 with 

respective upper and lower commutating portions 375 and 376 of the windings 360 of FIG. 
8. In FIG 10, a first brush earner 565 is positioned adjacent to the first surface 365 of the 
armature 395 and a second brush carrier 570 is positioned adjacent to the second surface 
370 ofthe armature 395. 

20 The brush earners 565 and 570 are rotated in either a clockwise or 

counterclockwise direction to align the brushes 210 with the respective commutating 
portions 375 and 376 of FIG. 8. In this case, the angular rotation between the first and the 
second brush carriers 565 and 570 is approximately equal to the bend angle 'C ofthe 
windings 360 illustrated in FIG. 1 1. As shown in FIG. 1 1, the bend angle 'C* separates the 

25 upper from the lower commutating portions 375 and 376 anywhere from about seventy to 
ninety degrees, with a preferred separation of approximately eighty-three degrees. When 
the first and the second brush earners 565 and 570 are in alignment, two sets of brushes 
210 are preferably not aligned in the same plane with one another, as shown in FIG. 12. 
Under normal operation, the addition of a second brush carrier 570 can double the 

30 brush surface area engaging the commutating portions 375 and 376 and reduce heat losses. 
Of course, the additional brush carrier 570 increases the number of brushes 210 engaging 
the armature 395, which reduces the amount of power flowing through individual brushes 
210. When the number of brushes 210 engaging the armature 395 is doubled, the amount 
of power flowing through individual brushes 210 should be reduced by approximately fifty 
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peroen. This f M ,„ re is „ , 0 e „ ab|e „, e mo|or m ^ ^ 
Hie healing oflhe brushes 210 becomes a problem. 

F ' CS "-'5"h.slro.eo,hersspec l s<,f,hei„v«i„„. As shown in FIGS 13-15 

ornred m ,he brosh .nice M5 ,o provide axia, cooling ,„ „, e molor 100 . The air -w 

' I" " 5 " """"" aCrOSS M °"° 0f "" " « «*- 305 

and 370 of the armature 395 shown in FIG. 9. 

As shown in F,C. 14, one or more sleeves 220 are preferably disposed along ,„e 

inner penphery of ,„. bms „ holders 205 such ,ha, a portion ofeach sleeve 220 closes off 

a,r access passages 58 „ , tal arc in Huid How communica.ion wilh me air channels 575 

* *«. 220 absorb and dissipalc boa, radiated from ,he brushes 2,0. Inferring ,„e 

hoc. 10 Ihc a,r lha, lills ,he air access passages 580 and air channels 575 Hue a heal L 

Referring ,o FIGS ,4 and ,5, a brush rolamcr braebe, 5S „ having a biasing s „ rftce 
no, ^ provjded „ ^ ^ fc ^ ^ ^ ^ ^ ^ ^ 

275 urge .he brushes 210 agains. „,e commulalor surface 200 (no. shown,. !„ mis 
conflgum.ion, , he brashes 2 , „ are ^ ^ ^ ^ ^ 

inspected. Of course, Ure air channels 575 and access passages 580 may be employed „i,h 
any of (he versions described herein. 

As shown in FIG. ,6, an c „d„e„ 585 includes four polygonal apertures „25 equally 
spaced around and cuidis.an. from .beconica, hub 3,5. The apertures 625 are shaped 
an dmrensioned ,„ receive .he p„,yg„„ a , shapes of lhc „„„ ^ ^ ^ ^ 
575 s own ,„ F.G. 14. Lite ,he endbcUs previously described, Ihe endbel, 585 shown in 

and 570 of FIG. ,0 ,„ be mechanicaHy disconnecled from ,he n,o,or ,00 wilbou, 
dislurbmg „,e bearings or olher molo, ,00 parts. Because Ihe endbell 585 is olherwise 
aubslunua y similar ,„ , he endbehs previously described, omer fealures and advantages of 
Ihe endbell 585 will no. be repeated. 

F1GS17a "'i'8illuslra.efun S lha,,„aybe„ S cdwi,h,l,ei„ve„,io„ofFIGS 13- 
* ' *" in F,G ' * ta 590 « « — ■ -ond shaf. 5,5 ,h„ is coupled 

he some speed and diroc.ion as Ihe molor shaO 2=0. ,„ ,„ s eo„n gu „, io „, „ ir ■ ^ 
™gh apertures «s ,„ „ le cover ,30, and air „ow s ,hro„gh „,e air ehanncis shown in 
•J, 1 4 to prov.de additional airflow through the motor 1 00. 
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As shown in FIGS. 1 7 and 1 8, the fan 590 may or may not be enclosed within a 
housing or a shroud 600. If an enclosure is desired, the housing or shroud's interior 
surfaces may be shaped, such as in the form of two opposed funnels that taper inwardly to 
a common area from inlet and outlet ends, to facilitate air suction and exhaust. Moreover, 
5 the fan 590 need not be coupled to the motor shaft 290 as shown in FIG. 1 9. Rather, the 
fan 590 can be powered by a fan motor 610 that draws electrical power from the terminals 
240 (only one is shown) through leads 615. Advantageously, any one of the fans 
described above are expected to cool the motor 100 by about ten degrees Celsius. 
It is clear that many other alternative embodiments of the invention are also 

1 0 possible. For example, the windings of the rotor 1 20 may be interchanged with the slator 
magnets 515 disposed on one of the endbells. Of course, the portion of magnets 515 on 
the other endbell would then be removed. Furthermore, the first endbell 295 can be 
formed without the reduction areas 310 just as the second endbell 440 may be formed with 
reduction areas 310. In another alternative, stator windings could replace the stator 

1 5 magnets 5 1 5 or the brush carrier can be positioned on an opposite side of the armature 
395. 

II. Motor Inspection 

To inspect the motor 100, the brush carrier 1 15 can be separated from the 
first endbell 295 without disturbing the bearings 300 and 330. The brush carrier 1 15 is 
20 separated from the first endbell 295 by first removing the fastener 1 85 from the mounting 
boss 230. The cover 130 may then be removed from the brush carrier 115. The removal 
of fasteners 485 from the first endbell 295 allows the brush carrier 1 15 to be urged away 
from a first endbell surface 320 without disturbing the bearings 300 and 330. Each brush 
210 can then be examined. In addition, the removal of the brushes 210 allows for 
25 inspection of the commuting surface 200 without any further disassembly. The 
commutating surface 200 can be viewed through any one or more of the polygonal 
apertures 305 of the first endbell 295. 

In the embodiments employing multiple brush carriers, the additional brush carrier 
may be separated from each endbell in substantially the same manner as the first brush 
30 carrier without disturbing bearings or other motor parts. The removal of the brush carriers 
allow for the inspection of the brushes and commutating surfaces. 

The foregoing detailed description describes only a few of the many forms that the 
present invention can take, and should therefore be taken as illustrative rather than 
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Hmi ti „g. „ „ only lhe f0 „ 0Kin8 cWmSi . ncludii]g ^ ^ ^ 

define (he scope of lhe invention. 
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What is Claimed is: 

1 . A motor apparatus, comprising: 
a shaft; 

at least one bearing adjacent said shaft; 
5 a rotor interconnected to said shaft; 

a stalor disposed to magnetically interact with said rotor, and at least one of said 
rotor and said stator including at least one winding; and 
a brush carrier; 

said brush carrier releasably interconnected with at least one of said rotor and said 
10 stator such that said brush carrier may be mechanically disconnected from one of said 
rotor and said stator without disturbing said bearing. 

2. The motor apparatus of claim 1 wherein at least one of said rotor and said 
stator comprises at least one magnet. 



15 



20 



25 



3. The motor apparatus of claim 1 further comprising: 

an endbell having at least one aperture to receive at least one brush, said aperture 
dimensioned to allow adjustment of said brush in at least one circumferential direction 
with respect to said shaft. 

4. The motor apparatus of claim 1 further comprising: 

an endbell having at least one aperture to receive at least one brush, said aperture 
dimensioned to allow adjustment of said brush in at least one of a clockwise and a 
counterclockwise circumferential direction with respect to said shaft. 

5. The motor apparatus of claim 1 further comprising: 

an endbell having at least one fastening slot dimensioned to allow adjustment of 
said brush in at least one circumferential direction with respect to said shaft. 



30 



6. The motor apparatus of claim 1 wherein said rotor has a first side and a 
second side, and wherein said bearing is disposed on the same side of said rotor as said 
brush carrier. 



WO 00/57532 

_ I4 _ PCT/USO0/05952 
7 - The motor apparatus of claim 1 further comprising- 



20 in, m ° l0r aPPanUUS ° f daim 1 further «nipri«-ng an endbcll 

20 interconnected to said brush carrier. 



corresponding aperture in an endbell 
25 



connection. 
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16. The motor apparatus of claim 1 wherein said brush carrier further 
comprises at least one bus bar connected in circuit with a terminal. 

17. The motor apparatus of claim 1 further comprising at least one bus bar and 
5 a bus barrier, said bus barrier disposed between said bus bar and said brush currier. 

18. The motor apparatus of claim 1 wherein said brush carrier further 
comprises a plurality of bus bars and a bus barrier, and wherein said bus barrier 
electrically isolates a first bus bar from a second bus bar. 

10 

19. The motor apparatus of claim 1 wherein said at least one bearing comprises 
a plurality of spaced bearings positioned on opposite sides of said winding. 

20. The motor apparatus of claim 1 further comprising at least one bearing 
1 5 retainer formed unitary with an endbell. 

21 . The motor apparatus of claim 20 wherein said bearing retainer includes a 
flange that engages said bearing. 

20 22. The motor apparatus of claim 1 further comprising an endbell having a 

bearing retainer comprising a sloped wall and a flange that engages said bearing. 

23. The motor apparatus of claim 1 further comprising an endbell having an 
aperture, wherein at least one of said bearings is disposed in said aperture. 

25 

24. The motor apparatus of claim 1 further comprising an endbell having at 
least one aperture near an axial center of said endbell. 

25. The motor apparatus of claim 1 further comprising: 

30 a cover in a substantially watertight engagement with said brush carrier. 

26. The motor apparatus of claim 1 further comprising: 

a housing substantially surrounding a portion of said shaft; and 

a cover having an annular edge engagable with a channel in said brush carrier. 
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27. The motor apparatus of claim 1 wherein said rotor further comprises- 
at least one first conductive portion formed on a first end surface of said at least 
one winding on a first side of said rotor, and 
5 at least one second conductive portion formed on a second end surface of said at 

least one winding on an opposite side of said rotor, such that said brush carrier may be 
alternately positioned adjacent to one of said first and said second end surfaces. 

28. The motor apparatus of claim 27 wherein said brush carrier has at least one 
a,r channel positioned to direct airfiow across at feast one of said first and said second end 
surfaces. 



15 



20 



30 



29. The motor apparatus of claim 28 wherein said brush carrier further 
comprises at least one brush holder adjacent to said at least one air channel. 

30. The motor apparatus of claim 29 wherein said at least one brush holders 
comprises two brush holders, wherein said at least one air channel comprises a plurality of 

air channels, and wherein each of said brush lmtrler* h,c ™ • 

><ua orusn Holders has an air access passage in fluid flow 

communication with an air channel. 

31. The motor apparatus of claim 30 further comprising a sleeve at least 
partially surrounded by said brush holder, said sleeve at least partially surrounding one 
brush to absorb and dissipate heat radiated from said brush through said air access passage 



- ' 32. The motor apparatus of claim 28 further comprising a fan interconnected 

wth said first shaft such that the rotation of said first shaft causes said fan , 0 rotate. 

33. The motor apparatus of claim 28 further comprising an electric fan 
positioned to move air through said at least one air channel. 



34. The motor apparatus of claim 27 further comprising a second brush carrier 
posifoned adjacent to one of said first and said second end surfaces. 

one first conductive 



35 The motor apparatus of claim 27 wherein said at least , 



portion and said at least one second conductive portion 



comprise commulalor surfaces. 
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36. The motor apparatus of claim 27 wherein said at least one first conductive 
portion forms an approximate angle of between seventy and ninety degrees with said at 
least one second conductive portion. 

5 

37. The motor apparatus of claim 34 wherein each of said brush carriers further 
comprises at least one brush and one of said brush carriers is rotated between about 
seventy and ninety degrees with respect to another of said brush carriers such that each of 
said brushes is in alignment with one of said first and said second conducive portions. 

10 

38. The motor apparatus of claim 34 wherein at least one of said brush carriers 
further comprises at least one brush holder adjacent to an air channel. 

39. The motor apparatus of claim 38 wherein said brush holder has an air . 
1 5 access passage in fluid (low communication with said air channel. 

40. The motor apparatus of claim 38 further comprising a fan interconnected 
with said first shaft. 

20 41 . The motor apparatus of claim 39 further comprising a sleeve at least 

partially surrounded by said brush holder, said sleeve at least partially surrounding one 
brush to absorb and dissipate heal radiated from said brush through said air access passage. 

42. The motor apparatus of claim 40 wherein said fan is enclosed by a housing. 

25 

43. The motor apparatus of claim 38 further comprising an electric fan 
positioned to move air through said air channel. 
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44. A motor apparatus, comprising: 
a shall; 

a pair of spaced bearings adjacent said shaft; 

a rotor interconnected to said shaft between said bearings; and 

means for retaining at least one brush; 

said retaining means releasably disposed near said rotor such that said rctainin* 
-ansmay be mechanically disconnected wid.ut disturbing said beanngs § 

3 masnetic 5 ,, ■ ^ * *** " C0 «^-»g a stator disposed to 

Id " ^ ^ Wherei " 2t - « -or and sail, rotor 

includes at least one winding. 

46. The motor apparatus of claim 45 further comprising at least one brush 
connected in circuit with said winding. 

47. The motor apparatus of claim 44 further comprising- 

a brush endbell having at least one aperture that receives at least one brush said 
Perture d.meusioned to allow adjustment of said brush in at least one circ.mfert' 
d.rect,on with respect to said shaft. «=u ml erential 

48. The motor apparatus of Cairn 44 wherein one of said pair of bearings is 

Plurahtvlf , T T aPParaUlS ° f Ckim ^ fUrthCr COm " riSlng "» -ing a 

plurality of substantially polygonal apertures. 

"E ™a,„cr compns,„ 6 , sl0pcd walI ail(1 , „ mge ^ ^ ^ 
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53. The motor apparatus of claim 44 wherein said retaining means is unitary 
with an endbell. 

5 54. The motor apparatus of claim 45 further comprising a biasing member and 

at least one brush, said biasing member biasing said brush toward said winding. 

55. The motor apparatus of claim 44 further comprising at least one brush and a 
power source for delivering power to said brush. 

10 

56. A method of inspecting a commutator surface of a motor apparatus, 
comprising the steps of: 

providing a motor apparatus comprising: a shaft, at least one bearing adjacent said 
shaft, a rotor interconnected to said shaft, a stator disposed to magnetically interact with 
15 said rotor, wherein at least one of said rotor and said stator includes at least one winding 
having a commutator surface, and providing a brush carrier; 

at least partially disconnecting said brush carrier from an endbell without 
disturbing said bearing, and 

viewing said commutator surface through at least one aperture in said endbell to 
20 inspect said commutator surface. 

57. The method of claim 56 wherein said disconnection step comprises 
mechanically disconnecting said brush carrier from said endbell. 

25 58. The method of claim 56 further comprising providing at least one brush 

interconnected with said brush carrier. 

59. The method of claim 56 further comprising providing at least one brush and 
providing a power source electrically connected to said brush. 

30 

60. The method of claim 56 further comprising the step of removing a cover 
from said brush carrier. 
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61. The method of claim 60 wherein said cover removing step includes 
removmg said cover from said brush carrier by unfastening a single fastener. 

62 The method of claim 56 further comprising the step of providing an endbell 
3 having a bearing retainer. 

63. The method of claim 62 wherein said endbell providing step includes 
providing an endbell having a unitary bearing retainer. 



10 



15 



64. The method of claim 56 further comprising: 
inspecting at least one brush interconnected with said brush carrier. 

65. The method of claim 56 wherein said providing step includes providing 
sa.d beanng on the same side of said rotor as said brush carrier. 

66. The method of claim 56 further comprising providing an endbell having a 
unitary bearing retainer that retains said bearing. 

67. A motor apparatus, comprising: 
20 a shaft; 

at least one bearing adjacent said shaft; 

a disk type armature having at least one winding interconnected to said shaft, 
at least one magnet disposed to magnetically interact with said rotor, 
a brush carrier; and 

W a brash endbell having al least one aperture to receive said brash 

said brash earner reieasably interconnected with said ro , OT such ,'„„, said brash 
-rner may be mechanicaHy disconnect (ran, said rotor without disturbing said bearing. 

30 a„e f " em0,0raPPMUSOfC,ain ' 67 "' l,e ''= i ''-''^-i-lin.en S io„ed.o 
^ of said brush in a, ,e M 0 „ e circumfcrcmia , ^ ^ ^ ^ ^ 
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69. A motor apparatus, comprising: 
a shaft; 

a rotor interconnected to said shaft having a plurality of conductive windings 
forming a conductive disk; 
5 a first plurality of conductive portions formed on a first end surface of said 

windings on a first side of said rotor; 

a second plurality of conductive portions formed on a second end .surface of said 
windings on an opposite side of said rotor; 

a stator disposed to magnetically interact with said rotor; and 
1 0 a brush carrier positioned adjacent to one plurality of said conductive portions such 

that said adjacent conductive portions define a commutator surface. 

70. The motor apparatus of claim 69, wherein said first and said second 
plurality of conductive portions extend radially from said shaft. 

15 

71. The motor apparatus of claim 69, wherein said first and said second 
plurality of conductive portions are equidistant from said shaft. 

72. The motor apparatus of claim 69, wherein each of said first and said 

20 second plurality of conductive portions align with said brush carrier when adjacent to said 
brush carrier. 



73. The motor apparatus of claim 69 further comprising: 

an endbell having at least one aperture to receive at least one brush, said aperture 
25 dimensioned to allow adjustment of said brush in at least one circumferential direction 
with respect to said shaft. 

74. The motor apparatus of claim 69 further comprising: 

an endbell having at least one aperture to receive at least one brush, said aperture 
30 dimensioned to allow adjustment of said brush in at least one of a clockwise and a 
counterclockwise circumferential direction with respect to said shaft. 



10 
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75. The motor apparatus of claim 69 further comprising- 

an endbell having at least one fastening slot dimensioned to a.low adjustment of 
said brush ,„ at least one circumferential direction with respect to said shaR. 

76. The motor apparatus of claim 69 wherein said rotor has a first side and a 
second side, and wherein at least one bearing is disposed on the same sid, of said rotor as 
said brush carrier. 



77. The motor apparatus of claim 69 further comprising: 

an endbell having at least one aperture to receive at least one brush, wherein said 

aperture allows for up to approximately five degrees of adjustment of said brush in at .east 
one circumferential direction with respect to said shaft. 

78. The motor apparatus of claim 69 wherein said brush carrier comprises a 
Plurahty of brush holders aligned with one of said fi rst and sakI second of 
conductive portions. 

79. The motor apparalns „f data 69 wherein said brush earner comprises a 
Piurahry of bnish hoIte , eac „ of sa|d ^ ^ ^ ^ 

£v one sleeve. 



SO. The motor apparatos of claim 69 wherein said bnrsh carter includes a 
Plurahty of onitorily fonoed bnrsh hoiders, each of said brnsb hoidcrs being disposed i„ a 
corresponding aperture in an endbell. 



25 



81. The motor apparatus of claim 69 further comprising at least one bearing 
adjacent said shaft. 5 

82. The motor apparatus of claim 81 wherein said at least one bearing 
comprises a p.urality of spaced hearings positioned on opposite sides of said rotor. 

83. The motor apparatus of claim 69 further comprising a, lea,, one bearing 
retainer formed unitary with an endbell. 
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84. The motor apparatus of claim 83 wherein said bearing retainer comprises a 
sloped wall and a flange to engage a bearing. 

85. The motor apparatus of claim 81 wherein said bearing is sealed against an 
5 abutting surface and a sloped wall preventing axial movement of said bearing. 

86. The motor apparatus of claim 69 further comprising an endbell having an 
aperture and at least one bearing, wherein at least one of said at least one bearings is 
disposed in said aperture. 

10 

87. A method of assembling a motor apparatus, comprising: 

providing a motor apparatus comprising: a shaft; a rotor interconnected to said 
shaft having an arrangement of conductive windings forming n conductive disk; a first 
plurality of conductive portions formed from a first end surface of said windings on a first 
1 5 side of said rotor; a second plurality of conductive portions formed from a second end 
surface of said windings on an opposite side of said rotor; a slator disposed to 
magnetically interact with said rotor; and 
a brush carrier; 

positioning the brush carrier adjacent to a selected one of the plurality of said 
20 conductive portions such that said selected plurality of adjacent conductive portions define 
a commutator surface. 



88. A method of claim 87 further comprising the step of positioning the other 
plurality of said conductive portions adjacent to said brush carrier such that said other 
25 plurality of said conductive portions define a second commutator surface. 



89. A method of claim 88 wherein the positioning step includes servicing the 

motor. 



10 
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90. A motor apparatus, comprising: 
a shaft; 

a rotor interconnected to said shall having radially extending conductive windings 
at least some of said windings having first end surfaces and opposite second end surfaces' 
a stator disposed to magnetically interact with said rolor; and 
a first brush earner positioned adjacent to at least some of said first end surfaces 
and a second brush carrier positioned adjacent to at least some of said second end surfaces. 

91. The motor apparatus of claim 90 wherein portions of said firstandsaid 
second end surfaces comprise respective commutator surfaces. 



92. The motor apparatus of claim 90 further comprising a first endbell and a 
second endbell, each endbell having at least one aperture to receive at least one brush, said 
aperture dimensioned to allow adjustment of said brush in at least one circumferential 

1 5 direction with respect to said shaft. 

93. The motor apparatus of claim 91 wherein at least one of said first 
commutator surfaces forms an approximate angle of between seventy and ninety degrees 
with one of said second commutator surfaces. 

20 

94. The motor apparatus of claim 91 wherein each of said first commutator 
surfaces forms an approximate angle of between seventy and ninety degrees with only one 
of said second commutator surfaces. 

25 95. The motor apparatus of claim 91 wherein each of said brush carriers further 

comprises at least one brush and one of said brush carriers is rotated between about 
seventy and ninety degrees with respect to another of said brush earners such that said at 
least one brush is aligned with one of said commutator surfaces. 



30 



96. The motor apparatus of claim 90 wherein at least one of said brush carriers 
further comprise at least one brush holder adjacent to an air channel. 

97. The motor apparatus of claim 96 wherein each of said at leas, one brush 
holder has an air access passage in fluid flow communication with said air channel. 
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98. The motor apparatus of claim 96 further comprising a sleeve at least 
partially surrounded by said brush holder, said sleeve at least partially surrounding one 
brush to absorb and dissipate heat radiated from said brush through an air access passage. 

5 

99. The motor apparatus of claim 96 further comprising a fan interconnected 
with said first shaft such that the rotation of said first shaft causes said fan to rotate. 

100. The motor apparatus of claim 99 wherein said fan is enclosed by a housing. 

10 

101 . The motor apparatus of claim 96 further comprising an electric fan 
positioned to move air through said air channel. 

102. A motor apparatus, comprising: 
15 a shaft; 

a rotor having a first end surface and a second end surface interconnected to said 

shaft; 

a stator disposed to magnetically interact with said rotor, and at least one of said 
rotor and said stator including at least one winding; and 
20 a brush carrier; 

said brush carrier having at least one air channel positioned so that airflow through 
said air channel is directed across at least one of said first and said second end surfaces. 

103. The motor apparatus of claim 102 wherein said brush carrier further 
comprises at least one brush holder adjacent to said air channel. 

25 

104. The motor apparatus of claim 103 wherein said brush holder has an air 
access passage in fluid flow communication with said air channel. 



105. The motor apparatus of claim 104 further comprising a sleeve at least 
30 partially surrounded by said brush holder, said sleeve at least partially surrounding one 

brush to absorb and dissipate heat radiated from said brush through said air access passage. 

106. The motor apparatus of claim 102 further comprising a fan interconnected 
with said first shaft such that the rotation of said first shaft causes said fan to rotate. 
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housing' 07 ' ^ aPP3ratUS ° f C ' aim Where, ' n Said fa " is enclos <* * • 

108. The motor apparatus of claim 102 further comprising an electric fan 
pos.foned to move air through said air channel. 
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